A high speed high performance liquid chromatography (HPLC) method for the quantification of putrescine, spermidine, and spermine in biological samples is described. The dansylation is followed by a sample cleanup. The isocratic HPLC-analysis with acetonitrile:H20 (72:28 volume/volume) on 10 centimeter long, 3 micrometer octadecyl silica columns (3 millimeter inner diameter) takes only 4.5 minutes. By our method about 100 analyses can be done in 1 day.
Polyamines are known to be ubiquitous in plant and animal cells. Although there has been an increasing interest in polyamines during recent years as illustrated by the large number of survey articles on this subject, their exact function is still unknown (2, (8) (9) (10) .
Our interest in the polyamine content during the adventitious root formation on the hypocotyls of intact mung bean seedlings growing in cortisol solution (4) confronted us with a huge number ofanalyses. Therefore, we needed a fast, inexpensive, and reliable method for polyamine quantification.
Fluorometric quantification of TLC eluates of dansylated polyamines (6) be much improved by using a Dual-Wavelength TLC Scanner with an activating wavelength of 360 nm and a fluorescent wavelength of 500 nm as used by Katoh et al. (3) . This method also allows the use of an internal standard.
HPLC on conventional RP-columns was too slow for our purpose (15-20 min analysis time) and required gradients causing loss of time while re-equilibrating the column between runs. Gradients require expensive HPLC solvents and the solvent consumption per analysis is high.
As we had no access to a fluorimetric HPLC-detector, we choose to work with dansyl derivatives that are measured at 337 nm, allowing the use of low cost solvents (benzoates as used by Redmond and Tseng [5] and Flores and Galston [1] would require very pure solvents to measure in the low UV). Gradients were avoided because they require more expensive and extensive equipment, enhancing the risks of instrumental breakdown, and they make re-equilibration necessary.
MATERIALS AND METHODS Extraction and Derivatization. Tissue (200-250 mg) frozen in liquid N2 is homogenized in 2 ml 4% HC104 containing 1,7-diaminoheptane.2HCI (5 mg/l) as internal standard. After 1 h at 4°C the homogenate is filtered by sucking over glass wool plugged into 5 ml pipet tips. To 0.2 ml homogenate 1 ml of carbonate buffer pH 9 and 1 ml of dansylchloride solution (10 mg/ml acetone) is added. After vigorous shaking (Vortex) the mixture is heated for I h at 60°C in the dark, cooled and stored in a refrigerator. The dansylated polyamines are extracted with 3 ml toluene.
Post Derivatization Cleanup. The cleanup step is based on the method described by Seiler et al. (7), which was adapted for allowing very quick routine analyses. The toluol extract is purified over 0.5 g silica gel columns made in 5 ml pipet tips plugged with glass wool at the constricted end (silica gel: 0.063-0.2 mm diameter). Ten columns at a time are rinsed, under reduced pressure, with 5 ml toluol and 5 ml toluol-triethylamine (10:1 v/ v). These eluates are discarded. The rack with pipet tips is then placed on a device to elute the dansylated polyamines under reduced pressure into 20 ml vials with 2 times 3 ml ethylacetate. Figure I a typical chromatogram of dansylated reference compounds is shown (Dns-putrescine, Dns-diaminoheptane, Dns-spermidine, Dns-spermine). The most retained compound of our mixture (Dns-spermine) is completely eluted within 4.5 min, and this by an isocratic solvent run at 50C. This is much faster than any published method. At room temperature (20°C) the analysis time was more than 10 min. The reduction in retention time by placing the column in a water jacket at 50°C and by insulating the tubing did not affect the peak resolution very much, but had a positive effect on the lower detection limit as the peak heights increased. The higher temperature also lowered the column back-pressure from 400 kg/cm2 to 200 kg/cm2 due to the lower viscosity of the solvent, and thus allowing a higher solvent flow (up to 2 ml/min).
The detector response was linear for polyamine concentrations between 0 and 100 AM, thus covering the endogenous concentration range in plants. Figure 2 shows a chromatogram of a dansylated extract of leafs from 3 d old etiolated mung bean seedlings (Phaseolus aureus Roxb.), grown at 25°C. The first large peak mainly consisting of dansylammonia and dansyldimethylamine (7) is sufficiently separated from putrescine to allow a correct integration. In our mung bean seedlings putrescine, spermidine and spermine were detected, but no cadaverine. As we used a spectrophotometer equipped with 8 Ml flow-through cells as UV-detector, the practical sensitivity limit was 0.1 AUFS. This restricted the lower detection limit to about 1 nmol/g fresh weight for putrescine and spermidine, and to about 10 nmol/g fresh weight for spermine. By using a modem UV-detector or fluorescence detector the lower detection limit will be improved at least 50 times. With Dns-heptanediamine as internal standard straight calibration curves were obtained up to 100 AM (putres- 
